Pt nanoparticles supported on bovine-bone powder were obtained by a rather simple method consisting of immersing powder of bovine bone into a Pt +4 metal ion solution at room temperature and subsequent reduction by sodium borohydride. This method eliminates the calcination step of the usual catalyst preparation methods. The nanocomposite was characterized by transmission electron microscopy (TEM), which revealed uniformly dispersed platinum nanoparticles with average particle size of 2.2 nm ± 0.6 nm. The XPS studies exhibited the presence of 63% Pt ∘ and 37% PtO. The catalytic activity was tested in the hydrogenation of 2-butyne-1,4-diol. The nanocomposite shows good catalytic performance with nearly 100% conversion and 83% selectivity towards 2-butene-1,4-diol.
Introduction
Science and technology of nanomaterials have rapidly grown in recent years and, as a consequence, great progress in the synthesis and characterization of materials in the nanometer regime has been achieved. The applications of these nanomaterials are diverse in the chemical industry, in electronics, and even in medicine [1, 2] . One of the main applications of nanomaterials, however, is in catalysis. This is due to the positive impact that high superficial area of nanoparticles exerts on reaction time, costs, and process efficiency [1, [3] [4] [5] [6] [7] . However, in order to prevent sintering and have an easy recovery of the catalyst from the reaction medium, supports are employed. Carbon, titania, metal-organic frameworks, graphene, mesoporous silica, or various polymers have been successfully applied as supports by several research groups [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The conventional nanoparticle synthesis is complex and relatively expensive and is conducted at high temperatures. These undesirable features have motivated the search of a greener synthesis. To achieve so, the general approach that can be found in the literature is by modifying the reaction medium to produce the nanoparticles, mainly in the liquid phase [19] [20] [21] [22] [23] . Little has been said though about the role of the biosupports in controlling the shape and size of synthesized nanoparticles. In this context, the use of natural, renewable, abundant, and low-cost material supports is desirable for metal nanoparticles controlled synthesis. The use of biosupports allows a room temperature synthesis and the use of aqueous medium. This opens a rather interesting area for synthesis from a green and sustainable technology point of view. In this sense, living organisms show an amazing hierarchical arrangement of their organic and inorganic components, from the nanoscale to the macroscopic scale. Many of them are porous materials (including wood, cork, bone, ivory, and shells) with high prospective to be employed as nanoreactors and/or templates to attach metallic structures with nanometric dimensions [24, 25] . In this context, Lin et al. have reported the one-step synthesis of platinum nanoparticles supported on wood, using hydroxyl groups (OH − ) as reducing agent, to obtain a nanomaterial with high and relatively stable activities in the catalytic reduction of -nitrophenol [26] .
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Journal of Nanomaterials Devia and Mandal reported the self-assembly of Ag nanoparticles using hydroxypropyl cyclodextrin for the catalytic reduction of p-nitrophenol [27] . Actually, cellulose has been studied as template since it is a natural carbohydrate rich in oxygen containing anhydroglucose units, linked by hydrogen bonds to form nonlinear molecular chain [28] . Bones, nonetheless, are constituted mainly by hydroxyapatite, which exhibits donor OH − and PO 4 −3 groups to anchor metallic ions. Therefore, the purpose of this study was to synthesize at relatively low cost monodispersed Pt nanoparticles (NPs) onto a bovine bone, which is a renewable and novel biosupport. In addition, the catalytic activity of the as-prepared material was assessed in the hydrogenation catalytic conversion of 2-butyne-1,4-diol to 2-butene-1,4-diol.
Experimental Methods

Pt/Bovine-Bone Synthesis.
In order to synthesize the Pt NPs, PtCl 4 was used as precursor salt. For this purpose, 16 .75 mg of PtCl 4 was dissolved in 50 mL of deionized water, thus obtaining a final concentration of 0.001 M (solution 1). Then 7.5 mg of NaBH 4 was dissolved in 50 mL of water thus obtaining a 0.01 M concentration (solution 2); pH was not adjusted. For the support bovine femur was used. This bone was washed, cleaned, and immersed in a 0.01 M HCl solution. After immersion, the bone was cut into small pieces and then powdered by a tungsten rotating piece connected to a mototool. The powder was then sieved with 150 mesh. An amount of 975 mg of bovine-bone powder was immersed in 50 mL of solution 1 for 30 seconds and then filtered. The reduction of Pt(IV) ions was carried out with solution 2 for 30 minutes and filtered. The resulting powder was dried overnight at room temperature. It is worth noticing that a calcination step is not necessary since Pt NPs were obtained by NaBH 4 as reduction agent. It is also worth pointing out that, because of the amount of treated powder (approximately 1 g), a micellar activity might also be expected since the micelle formation of sepia cartilage collagen solutions has been previously reported [30] .
Characterization.
Scanning electron microscopy (SEM) observations were carried out by JEOL JSM-6510LV equipment. The nanocomposite was attached to the sample aluminum-stub using a carbon conductive double-stick tape without coating. Elemental analysis characterization was performed using an energy-dispersive X-ray spectroscope INCA X-Sight Oxford attached to the SEM.
Transmission electronic microscopy (TEM) studies and SAED (selected area electron diffraction) technique were carried out using a JEOL JEM-2100 microscope operating at 200 kV accelerating voltage. The platinum-impregnated bovine-bone powders were suspended in 2-propanol and then ultrasonically dispersed for 5 hours at room temperature. A drop of this suspension was then placed on a Cu-grid coated with a holey carbon film. Also, the supported Pt ∘ nanoparticles were analyzed by STEM technique.
The X-Ray Photoelectronic Spectroscopy (XPS) analysis was carried out in a JEOL JPS-9200 equipped with a Mg source (1253.5 eV), operating at 200 W and vacuum of 1 × 10 −8 Torr; for all samples, the analysis area was 1 mm 2 . The
SpecSurf6 software was used to analyze the experimental results. Charge correction was done based on the adventitious carbon signal (C1s) at 285.5 eV. Shirley method was used for background adjustment, whereas Gauss-Lorentz method was used for curve fitting.
Hydrogenation of 2-Butyne-1,4-diol.
The hydrogenation of 2-butyne-1,4-diol was carried out in a 300 mL stainlesssteel Parr reactor equipped with a temperature control system, a mechanical stirrer, a pressure meter, an inner heating/cooling coil system, and sampling valve. A reservoir for H 2 gas was used along with a constant pressure regulator to supply hydrogen at a constant pressure to the reactor. In a typical hydrogenation experiment, 150 mL of 20% w/w aqueous 2-butyne-1,4-diol solution and 0.215 g of Pt-supported catalyst were loaded into the reactor. The initial concentration of the alkyne was 0.1 mol/L. The reactor was first flushed with nitrogen and then with hydrogen. After the desired temperature (328 K) was reached, the system was pressurized with hydrogen at the required pressure (6 bar) and an agitation speed of 550 rpm. Samples were obtained every 30 minutes. After the reaction was over as indicated by a constant hydrogen pressure in the reservoir, the reactor was cooled down to room temperature, the excess of hydrogen was vented out safely, and the reactor contents were removed for subsequent analysis.
The withdrawn liquid samples were analyzed by gas chromatography with a flame ionization detector using a VARIAN CP3800 GC (DB-WAX 52 column, length 32 m, inner diameter = 0.3 mm) and helium (30 ml/min) as carrier gas, according to previous reported analysis methods [29, 31, 32] . Reaction samples were injected into the GC and analyzed under the following conditions: temperature detector was set at 518 K, injector temperature was set at 513 K, initial oven temperature was 353 K, and this was raised up to 493 K at a rate 10 (K/min). This final oven temperature was kept constant for 3 minutes.
Results and Discussion
Characterization.
In this work, in order to prevent sintering and to control nanoparticles size and morphology, the use of a bovine bone was assessed as novel support for Pt nanoparticles (NPs) synthesis. The formation of the metallic platinum phase in solution in the investigated system is the direct result of the transfer of electrons from the reducing agent, NaBH 4 , to Pt(IV) ions according to reaction [33] :
Sodium borohydride is a powerful reducing agent, having the ability to completely convert Pt ions into metallic Pt. The size of Pt NPs is controllable by varying the time of immersion of bovine bone into the Pt (IV) solution. The immersion time was a variable of study, and 30 seconds of immersion time was found to be the optimal for the NPs synthesis. It was observed that the size of Pt NPs was smaller at shorter times. Besides, a significant improvement on particle size was observed by increasing the support area (achieved by powdering the bovine bone). When bone in bulk was used, micrometric rather than nanometric size Pt particles were obtained. This fact could be explained by the ability of bone powder to avoid the platinum ions agglomeration, since there is a large distance between metal ions. Bovine-bone powder is an ideal substrate for the formation of nanoparticles due to its high porosity (200-900 m) and high superficial area. In addition, the chemical structure of bone tissue has a high electronic density provided by OH − and PO 4 −3 groups. In Table 1 , the presence of the main elements that constitute the hydroxyapatite in bovine bone can be observed. Figures 1(a) and 1(c) show the SEM micrograph and EDS spectrum of bovine powder without treatment, respectively. Figure 1(b) shows a SEM image of bovine-bone powder after the impregnation with the Pt NPs. In addition, the EDS spectrum in Figure 1(d) shows the presence of hydroxyapatite elements and Pt.
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The supported Pt NPs were further identified by STEM. Figure 2 shows the presence of the Pt NPs all over the surface of the bovine-bone powder, which could be linked by electrostatic forces between Pt (+) and the support (hydroxyapatite OH − ). Figures 2(a) , 2(b), 2(c), and 2(g) reveal that quasispherical Pt NPs with low size polydispersity are obtained into the bovine-bone surface. These images correspond to a randomly chosen part of the substrate and can be considered as representative of the overall size and shapes of the particles. of Pt particles. However, in this work, it is proposed that the use of bovine-bone powder eliminates the addition of thiols to obtain homogeneous size and shape particles. The use of bovine bone as catalytic support is rather novel. This synthesis method is of relatively low cost and environmentally friendly since the support is a waste material, the solvent is water, and the calcination step followed by reduction with hydrogen is eliminated. Moreover, the chemical structure of hydroxyapatite can form stable compounds and anchor the metal ions. The physical characteristics of hydroxyapatite allow its stirring, its stability at extreme pH, and its thermal stability. Figure 3 shows the particles size distribution. The average diameter of synthesized nanoparticles was found to be 2.2 ± 0.6 nm. Figure 4 shows a single nanoparticle with a 2.25Å lattice planes, corresponding to the (111) plane of cubic metallic Pt [35] . Also, the external area of the support with a 2.72Å lattice planes is observed. This corresponds to the (300) plane of hydroxyapatite [36] . Becerril-Juárez et al. [24] and Suber et al. [37] suggest that the growth of regular and symmetric nanostructures of metal nanoparticles appears to be controlled by a bimodal mechanism, including a thermodynamically driven diffusional growth as well as kinetically controlled aggregation process. Theaggregation process along preferential directions appears to be kinetically controlled by a slow reduction of the metallic ions, which favours a crystalline and anisotropic aggregation. Conversely, a fast reduction may force the metallic nanoparticles to agglomerate in a polycrystalline but isotropic configuration. By observing the shape and chemical composition of the nanoparticles, the second mechanism appears to rule the synthesis of platinum nanoparticles with NaBH 4 as reducing agent since polycrystalline isotropic particles are obtained.
XPS was used to determine the oxidation state of the elements in the bovine-bone powder and the platinum nanoparticles. The narrow spectra in the Pt 4f region and its curve fitting show two oxidation states for platinum ( Figure 5 ). The components at 70.9 eV (4f 7/2 ) and 74.1 eV (4f 5/2 ) can be attributed to metallic platinum in around 63% of the total platinum. The signals at 72.5 eV (4f 7/2 ) and 75.4 eV (4f 5/2 ) correspond to a 37% of the total platinum and can be ascribed to platinum oxide. These results indicate that the reduction of Pt (IV) to Pt ∘ indeed took place and that Pt nanoparticles were supported onto the bovine-bone powder in controlled size and shape. Because of the aforesaid, the synthesized Pt nanoparticles/bovine-bone system is expected to exhibit catalytic activity in hydrogenation reactions. Therefore, to test this aspect the hydrogenation of an alkyne was selected.
The catalytic activity of the system Pt/bovine-bone was tested in the 2-butyne-1,4-diol hydrogenation reaction in a continuously stirred slurry reactor. Figure 6 shows a typical concentration-time profile of 2-butyne-1,4-diol hydrogenation using bovine-bone powder-Pt1% catalyst. The conversion of 2-butyne-1,4-diol was 100% after 3.5 hours. The catalytic activity is highly and positively correlated with the concentration of Pt metallic particles. Thus, by increasing the amount of PtO nanoparticles, its catalytic activity decreases. The highest attained selectivity of 2-butene-1,4-diol was 83% after 3 hours of reaction. As shown in Figure 6 , the loss of selectivity can be ascribed to the appearance of the alkane and side products like crotyl alcohol and -butanol.
Darder et al. [25] suggested that a H 2 pretreatment can improve the selectivity of the catalytic system; besides, higher H 2 pressure and higher temperature can improve the H 2 adsorption and the initial reaction rate. The optimization of such reaction variables will be the aim of future investigations.
Reaction Scheme 1 depicts the plausible mechanism of 2-butyne-1,4-diol hydrogenation attained with the synthesized catalyst. It is worth noticing that neither hydroxybutyraldehyde nor n-butyraldehyde was detected during reaction as expected with other catalytic systems. From Figure 6 , it can be concluded that the loss of selectivity is mainly due to the appearance of the alkane according to reaction Scheme 1.
Conclusions
Bovine-bone powder is an efficient, low-cost support of platinum nanoparticles. The synthesis of this novel bionanocomposite is plausible by the direct reduction of the metallic salt and this method leads to obtaining 2.2 ± 0.6 nm metallic platinum nanoparticles. This synthesis method is of relatively 6 Journal of Nanomaterials
Scheme 1: 2-Butyne-1,4-diol hydrogenation scheme [29] . low cost and environmentally friendly since the support is a waste material, the solvent is water, and the calcination step is eliminated. The platinum nanoparticles have electrostatic interactions with the hydroxyl group of the hydroxyapatite on the surface of the bovine-bone powder. Finally, the system of bovine-bone powder with 1% platinum NPs possesses a high catalytic activity and selectivity for hydrogenation reactions. A nearly 100% conversion of 2-butyne-1,4-diol was achieved. The maximum attained selectivity towards 2-butene-1,4-diol was 83% at high conversions. This selectivity is mainly affected by the alkane presence.
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